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>> Insertion of DNA by modified transposons. 



ONA constructs for the introduction of a DNA sequence into the constituent DNA of a prOKarycie. and 
n^ethods of use. The DNA construct includes an expressible gene encoding a transposase protein, linked in cis 
to a iransposabis cassette. Tne transposabie cassete inciudes a pair of transposase recognition sequences 
flanking the DNA sequence. The gene encoding the transposase protein ts not flanked by the transposase 
recognition sequences. 
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This IS a contmuation-fn-part of copending application Serial Number 07 590.364. filed on September 
28. 1990. the contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

5 

Prokaryotic transposable efennents are discrete ONA sequences capable of insertion at Sfngie cr 
-multiple sites within a prokaryo:ic genome (for a review see D.E. Berg ed,. ii989) Mobile ONA. ASM 
Publications. Washington. D C ). Historically, these transposable elennents have been divided mtoTclasses 
Tre first class con-.pnses srrail tra.nsposabie elements, generally 'ess than 2.0C0 case pairs in leng:.-. 
^0 These elements are caned insertion sequences or IS sequences, and encode only aeierminanls relevant !o 
:r.efr own transposition: specificaiiy, a transposase protein. This first class also includes compos, le 
r^a.-^sposons which are a segr-.e.-t of o.na fianked by two copies of an mserticn sequence. The terrr.i.- a: 
portions of all IS sequences ccmpnse inverted repeat sequences. The irarsposase orotem functions by 
reccgnic:ng these terminal sequences and interacting with the sequences to effect transposition within t^-e 
''5 genome. 

The second class of transposons .s the Tn3 family of transposons. These transposons encode i^-o 
products involved m a two-step transposition process: a transposase and a resoivase. Transposcf-is 
belonging to this seconc class nave inverted terminal repeats of approximately 35-40 base pairs. 

The third class includes bacteriophage Mu and related phages. Bacteriophage Mu is large relative to 
20 other transposons with a genome of 36,000 base pairs. Mu encodes two gene products which are involved 
.n the transposition process, a 70.000 dalton transposase ana an accessory protem of approximately 33.0OG 
daitons. An unusual feature of Mu that distinguishes it from other transposons is that its ends are ret 
inverted repeat sequences. The Mu transposase has. however, been shown to bind to both ends m an i n 
vitro binding assay. — 

The use of transposons as vehicles for the introduction of foreign ONA into a host cell chromosome has 
been descnbed previously (e.g.. Way et al... Gene 32 :369-379 (1984)). Also. Grinter fU.S, Patent No 
4.784.956) describes a two-vector method for inserting a transposable cloning vector into the chromosome 
of a recipient cell. The first plasmid carries a transposon having the gene encoding its :ranspcsase function 
replaced with foreign DNA to be' inserted into the chromosome of the recipient cell. The second plasmid 
30 carries an expressible transposase gene. The transposase function is. therefore, provided in trans. 

Narang et at. (U.S. Patent No. 4.830.965) describe a construct referred to as a transposable linker. The 
linker comprises the e.xtreme ends, or transposase recognition sequences of a transposon. The genetic 
matenal which is flanked by the transpcsase recognition sequences m the naturally occumng transposon 
has been replaced with a DNA sequence containing restnction enzyme recognition seauences to facilitate 
;he insertion of a foreign ONA sequence. As was the case with the Grinter method. Narang et al. teaches 
:he introduction of a gene encoding a transpcsase protein on a separate plasmid vector, m tranl. ~ 

Summary of the I nvention 

ao- This invention pertains to a DNA construct for the introduction of a DNA sequence into the constituent 
DNA of a prokaryotic cell. The DNA construct comprises a gene encoding a transposase protein linked, m 
CIS. to a transposable cassette. The transposable cassette composes a pair of transposase recognition sites 
{usually inverted repeats) flanking a cloning site for the insertion of the DNA sequence to be introduced into 
the constituent ONA of the prokaryotic cell. 
-^5 The invention can be used, for example, to insert single or multiple copies of an excressible gene into 
the chromosome of a prokaryotic host. This enables the efficient production of antigenic matenal for vaccine 
applications. Furthermore, if the prokaryotic host is an attenuated enteromvasive bacterium, the invention is 
useful for the construction of a strain useful in a five vaccine formulation. 

Providing the transposase function in cis (i.e. linked on a continuous DNA molecule) offers many 
50 advantages over known techniques in which the function is provided in trans. For example, if the DNA 
sequence to be introduced is carried on a separate vector from the gene encoding the transposase protem. 
then co-transformation of a cell with both vectors is necessary to achieve the desired result. The construct 
of this invention enables the introduction of a transposable sequence by transforming a cell with a smgie 
vector. This is a more efficient and convenient methocology because it reduces the number of cells whicn 
55 must be screened in order to identify a clone having the desired properties. 

Another advantage relates specifically to the IS transposons. The IS transposases have been shown to 
be inefficient when introduced m trans. Complementation m trans of an IS transposon with a defective 
transposase occurs with an efficiency of about 1% or less (see e.g.. Morisato et al.. Cell 32:799-807 (1983)). 
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One explanation wmch has teen advanced for tnis phenomenon is that the IS encoded transposases bind 
nonspecificalty to ONA sequences which are physically close to the transposase gene immediately upon 
synthesis These nonspecificaily bound molecules then scan the DNA m search of transposase recognition 
sequences by one-dimensicnal diffusion along the ONA (Berg et aL. (1981) Biochemistry 20:6929-6948). in 
contrast, the DNA constructs o^ the present .nvention encodelhe transposase gene andThe transposase 
recognittcn seouences m cis resulting in an efficient transposition system. 

Brief Oescriptior of the Ora-.v rgs 

Figure i ts a diagram recresenting a DNA construct of this invention. 

Figure 2 is a diagram recresenting steps m the construction of a DNA construct oi this invention. 

Figure 3 ts a diagram recresentirg (A) the ONA sequence of a synthetic oligonucleotide scecifymg the 
ieft eno of the prokaryotic rransooson TniO ana (8) the DNA sequence of a synthetic cionmg nnker for use 
with synthetic transposase recognition sequences. 

Figure 4 is a diagram -epresenting two DNA constructs of this mvention which are cenved from 
bacteriophage v. 

Figure 5 .s a diagram representing a transposon exchange reaction between a piasmid anc a 
bacteriophage. 

Figure 6 is a diagram representing steps in the construction of a bacteriophage based ONA construct of 
this invention which carries an expressible Plasmodium berghei circumsporozoite gene. 

Figure 7 is a diagram representing steps m the construction of a plasmid based genetic construct of 
this invention which carries an expressible LT-B gene. 

Figure 8 is a diagram representing schematically chromosomal transposon insertion m Salmonella. 

Figure 9 is a ctagram representing a synthetic oligonucleotide linker specifying restriction sites unicue 
in bactenophage X 

Figure 10 IS a diagram representing the results of electroporation of pPX1575 into H. influenzae HDG85. 
Detailed Description of the Inven tion 

The subject invention relates to DNA constructs for the introduction of a DNA sequence into the 
constituent DNA cf a prokaryotic cell, and to methods for their use. The constituent DNA of the prokaryotic 
cell includes al! autonomously replicating DNA molecules within the cell including, for example, chro- 
mosomes and eptsomes. Transposition is often independent of the constituent DNA sequence of the 
prokaryotic cell and therefore transposition generally occurs at random locations. However. Iransposons can 
also, with a high frequency, exchange with other transposons of the same type via transposition or douDle 
recombination between trancosase recognition sequences. As discussed beiow. this exchange mechanism 
facilitates the insertion of a transposon carrying, for example, a gene of interest at a specific location in the 
constituent DNA of a host ceii. 

This invention can be used to introduce a DNA sequence having or encoding any function. For 
example, the DNA sequence can compnse a sequence encoding a structural or regulatory protein, or can 
comprise a regulatory sequence such as a promoter. Alternatively, the inserted sequence can be one not 
known to possess any bioiogicai function which can be used to interrupt a cellular function, for example, by 
inserting itself within an essential gene thereby interrupting the function of the gene. 

In preferred embodiments, the DNA sequence to be introduced into the constituent DNA of a 
proKaryolic cell is an expressible gene. The expressible gene includes all necessary regulatory sequences 
including, for example, a prokaryotic promoter, nbosome binding site. etc. 

The invention describes basic methodology to insert single or multiple copies of genes into chro- 
mosomes of diverse species. Expressible genes can be derived from eukaryotic sources and can encode 
antigenic components from pathogenic parasites, human immunoactive proteins and peptides, hormones, 
growth factors, allergens, tumor associated antigens and other proteins. Such genes can be derived from 
viral sources and can encode antigenic proteins, structural components, or enzymes involved with viral 
replication or attachment. Homologous genes as well as heterologous genes can be denved from bacterial, 
viral, parasite, fungal or mammalian sources and may include genes encoding virulence factors of 
pathogenic organisms, including toxins, protective immunogenic proteins, or genes encoding proteins 
involved tn the regulation or synthesis of antigenic polysaccharide material, and m addition can be enzymes 
foreign to the host bacterium. 
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Among the bacterial antigens ot mierest are those associated with the human bacterial pathogens 
including, for example, typabie and untypable Haemophilus influenzae. Escherichia coN Neisseria menin- 
gitidis. Streptococcus pneumcniae . Streptococcus pyogenes . Branhameila catarrhjlij . Vibno choleraic 
Corynebactenum Ciphthenae . Chlamydia trachomatis , Neisseria gonorrhoeae. BordeleliT pertussis* 
^ Pseudomonas aeruginosa . Staohylococcus aureus . Streptococcus 7)yogenes. Klebsiella pneumoniae, and' 
CIcstndium tetani. Examples of specific bacterial antigens of interest include bacteria! proteins of which 
particularly useful examoies are outer memorane proteins (e.g from Haemophilus influenzae. Branhameila 
catarrhahs or Neisseri a menng^tidis ). bactenai foxins. (e.g. pertussis toxins, diphtheria toxin, tetanus toxin. 
and Pseudonn.onas exotoxin A-, and cacieral scrace proteins -e ; . flagellins. herraggiutmfns and the M 
crotein from Streptococcus py:genesK 

Viral antigens from pathogenic viruses inc:jce but are net linnited to. inuman immunodeficiency virus 
.types I and ')). hu.-.an T .y-chocyte virus .'l/pes I. II anc ill), respiratory syncytial virus, hepatitis A. 
hepatitis B. hepatitis C. rcn-A and non-B hepatitis viruses, nerpes simplex virus (types I and II). 
•rvtomegaiovirus. mri^enza v.r-s. paramfJuenza v^r.js. poliovirus. rotavirus, coronavirus. 'ubella virus, measles 
■ 5 virus, varicella. Epste-n Barr virus, adenovirus, papilloma virus and yellow fever virus. 

Several specific viral anfgens of these pathogenic viruses include the F (peptide 283-315) and G 
proteins of respiratory syncytial virus (RSV). VP4 polypeptide of rotavirus. VP7 polypeptide of rotavirus, 
envelope glycoproteins of human immunodeficiency virus and the S and pre-S antigens of hepatitis B. 

Genes encoding antigens of parasites and fungi can also be used in the present invention. Parasite 
20 antigens of interest include, for example, those of Plasmodium spp,. Toxoplasma spp.. Leishmama spp.. 
Trypanosoma spp.. Schistosoma spp., Tpxocara spp,, Ascans spp.. and Fasciola spp. Fungal antigens 
.nclude those of Cancid albicans . Cryptococcus neoformans and Coccidiodes immitis 

Also of interest are various antigens associated with auto-immune diseases, such as rheumatoid arthritis 
and lupus erythematosus, turner antigens, cancer antigens and smgie or multiple copies of genes encoding 
^5 hormones, bioactive peptides, cytokines, lympnokmes and growth factors, as well, as enzymes and 
structural proteins of prdkaryotic or eukaryotic origin, especially for use in vaccines and therapeutics. 

To provide novel vaccine formulations, genes encoding protective antigens can be introduced into the 
chromosomes of attenuated bactena. which act as delivery vehicles for stimulation of immune responses 
against the pathogen from which the expressed gene was derived. See Dougan and Tite. Seminars in 
30 Virology 2:29 (1990). Genes encoding antigens derived from pathogenic bactenai. viral, or parasitic sources 
can be introduced into chromosomes of attenuated S. typhi for use as live vaccines for use in humans (to 
orotect against, for example, typhoid fever, diarrheal diseases, and sexually transmitted diseases including 
AIDS). Alternatively, such genes can be integrated mtc chromosomes of other Salmonella capable of 
:nfecting animal species, e.g.. S. dublin for use as live attenuated cattle vaccines (e.g., against shipping 
35 fever). S. choleraesuis for use as live attenuated vaccines for swrne. and S. gallinarum or S. pullorum for 
use as live attenuated vaccmes for ooultry. In a particular embodiment. "antigens denved~from Eimeria 
parasites can be inserted mto the chromosome of attenuated S. gallinarum to produce an oral vaccine for 
coccidial disease. Alternatively, genes encoding antigens ca77 be inserted into chromosomes of other 
oacteria to be used as live vaccines. Examples of such can inciude attenuated enteromvasive Eschenchia 
40 coll. Yersinia enterocolitica . Shigella ftexnen . S. dysentenae . Campylobacterium jejuni. Vibrio cholera, and 
Bacille Calmette-Guerin (BCG), an avirulent mutant of Mycobactenum bovis. ' 

In addition, such genes can be inserted as single or multiple copies into bactenai chromosomes to 
provide for efficient production of antigenic material for vaccine production. Insertion of native or mutated 
genes denved from bactenai pathogens into chromosomes can result m enhanced and efficient antigen 
-^5 production. For example, genes encoding mutant toxins, genes encoding virulence factors, or other native 
or mutant protective immunogens can be introduced into the chromosome of a homologous or heterologous 
bacterial strain. In many cases, virulence factors or protective immunogens can be produced efficiently only 
m a particular host bacterium, in addition, genes which encode products involved in complex biosynthetic 
pathways leading to bacterial surface polysaccharide or capsule production are too large to be cloned and 
expressed in other bactena for the purpose of producing antigenic material for vaccine uses. Examples of 
such uses inciude the insertion of cross-reacting mutated toxin molecules of Bordetella pertussis into the 
chromosome of toxin-deficient organisms for the production of an efficient pertussis vaccine and the 
insertion of altered regulatory signals enhancing the production of a mutant toxin gene product. 

Antigenic capsular material denved from Haemophilus influenzae type b can be obtained from 
55 fermentation of the bactena. Insertion of altered genes affecting regulation of capsule synthesis can lead to 
enhanced production of capsular matenal in H, influenzae . Efficient production of immunogenic outer 
membrane proteins of K influenzae can be enhanced by insertion of genes encoding novel fusion proteins 
in a genetic background devoid of wild type outer membrane protein activity. 
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Expressible genes can be inserted mto chromosomes resulting m recombinant organisms capable of 
high level production of proiem products from a smgle gene copy. 8y random insertion of genes into 
chromosomal loci, bactena expressing hign levels of gene products can be isolated. Random localization 
leads to isolates m which positional effects enhancing gene expression can be detected. Enhanced gene 

5 expression can yieid stable recombinants which express protein at levels exceeding similar gene constructs 
carried on multiple copy piasmid vehic:es, 

E.xpressibie genes can ce inserted into the chromosome so that inheritance of the inserted ge.'-es -an 
be rraintained maefin.tely ir a stable 'asmon. Extrachromosomal plasmid vectors which are CGmmon:y usld 
fo.' r.cr.e53ion of foreign p.-c-rems can c-e unstable leading to less of foreigr gene expression. \nse-:>cn^'i 

■: genes mto random cr specific iocations Aithm bacterial ohrcmosomes leads to stable mnencar-.ce and 
reteniion of gene expression 

l; .s possible :o ennch for and to ic^ser. hr stable .nsertion of multiple copies of tfne same gere ,n me 
chromosome of a bactenal strain. This invention provides for introduction of multiple copies of t^e same 
gene m .:he chromosome of the nost crgansism or ore to several copies of different genes. 

•5 The DNA construct of this invention comprises a gene encoding a transposase protein linked m ,-is to a 
transposable genetic cassette as a single continuous ONA molecule. The cassette comprises a pair of 
transposase recognition sites (usually inverted repeats) flanking a cloning site for insertion of the ONA 
sequence to be introduced into the constituent ONA of the prokaryotic cell, but not flanking the gene 
encoding the transposase pi-otein. 

30 Naturally cccum.ig transoosable elements have transposase recognition sites occurring at their 5' and 
3- termini. These ends and any internal DNA sequence can transpose throughout the constituent ONA of a 
cell. This internal sequence can vary greatly in length from approximately 1 .500 base pairs m the case of IS 
sequences to much longer sequences m the case of pnage fvlu. A common feature of this internal sequence 
.n ail transposons is that a portion of it encodes a transposase which specifically recognizes the s' ana 3' 

?5 terminal sequences, or transposase recognition sequences, of the particular transposon m whirh it s 
contained. 

In contrast to the naturally occurring situation described above, the construct of this invention carries a 
transposable cassette having transposase recognition sequences, but these recognition sequences do not 
flank the transposase gene. The transposase gene has been inserted at another location in the construct of 
this .nvention The transposed sequence does not include a transposase gene and is. thus, stably integrated 
in the absence of any external transposase gene. The methods of this invention enable one to stabilize a 
particular cloned prokaryotic cell having a transposable cassette contained within its constituent DNA at a 
particular location. 

Any set of transposase recognition sequences, and genes encoding the corresponding transposase can 
.'5 be used to practice this invention. In a oreferred embodiment, the transposase recognition sequences 
comcnse inverted repeats. Naturally occurring transposons having inverted repeats include, for ey.ample. 
ISI. IS2. IS3. IS4 and IS5: and the Tn elements including, for example. Tnl. tn2. Tn3. Tn5. Tn9. TniO and 
Tn903. The transposase recognition sequences of bacterophage MuTnd i^atecT tra^^pos'5'ns Tre also 
useful for the practice or this invention The transposase recognition sequences of phage Mu and ^elated 
^0 transposons are not inverted repeats. Such sequences, and sequences encoding the correst^onding 
transposase protein, can be isolated from the naturally occurring transposon using standard techniques. 
Alternatively, such sequences, or sequences which are functionally equivalent and substantially homolo- 
. gous. can be synthesized chemically. 

The construct of this invention is synthesized through a series of genetic mamoulations en-ioying 
^5 methods and enzymes known to those skilled in the an. The two essential elements are the transccsabie 
cassette and the expressible transposase gene. These elements are linked m cis to form a smgle 
continuous DNA molecule. Preferaoly. as shown in Figure 1. this single continuous molecule is linked to an 
origin of replication which enables the conditional propagation of the construct m at least one type of 
prokaryotic cell, and a selectable marker such as a gene encoding a protein conferring antibiotic resistance. 
oc the selectable marker being flanked by the transposase recognition sequence. 

Although selectable markers which lead to ant,i;,ci,c -resistance can be readily used to construct the 
above described modified transposable elements, drug-^sistant organisms are not suitable for all purooses. 
especially lor use in live bacterial vaccine applicano-^s -"S'e .Lssemmation of the drug-resistance allele to 
other gut flora .s possible. Dunng fermentation for pror^.-n.-n of recombinant oroteins. enzymes anc ether 
55 products, addition of antibiotics to growth medium ancvs for selection for cells containing piasm.ds or 
modified transposable elements, but can be unaccepiacie m many instances because of cost and possible 
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ccntamtnaiicn of the encproauct For the modified transoosons described here, antibiotic-resistance is used 
to select for insertion, and can ce eitnninated during subsequent steps because cf the inherent stability of 
the elennents. 

To replace the anttbiotic-resistance determinants with selectable markers which couid be used where 
5 oisseminaticn of the organisms -n the environment ts possible, there are numerous strategies which can be 
appitea The modified transposcns can be setected and introduced mto recipient cells by comptementaticn 
host chromoscmal mutatfcns Complementation systems rely on corstruciicn cf particular host 
■rhrcmosomal mutations, cut car, ce used reliably to circumvent me inclusion of antibiotics to the culture 
/Tiecium Seiecracie markers :na: nave been used in some instances to select and maintain plasmids :n 

.'c cacienal cultures during r'ermer'tation can be used to seiect transposition events. For example, complemen- 
tation of a cnrcmoscmai mutation for . ascartic semiaidehyde dehydrogenase \asO) m Salmonella 
fyphimurium or 0-aianine racemase m.utation .:aai) ir. Bac:ilus .SLbt;!is. -vmcn eacn lead to faulty cell wall 
biosynthesis ana cei; iy3:3. v;e:cs stable plasmid- inheritance m the absence of selection tn all viaole cells of 
the culture. Both tne asd ard daf m.utaticns can be supplemented w-th nutritional additives. Thus. 

.'.5 transposons marked witn a fur^ctionai dal or asd gene can be selected m cactenai hosts contammg those 
mutations. On the ot.her nand. complementaticrTo/ an essential gene of the host, which cannot be proviced 
by nutritional supplementation can also :eaa to stable piasmid maintenance. An E. coh gene. ssb. iS 
required for DNA replication and cell viability, which prevents the accumulation of plasmidless cells during 
fermentation in a bsoreactor when placed on a plasmid. Analogously, a plasmid-bcrne copy of vaiyi tRNA 

2C synthetase stabilizes piasmids :n E. coii containing a chromosomal temperature-sensitive valyl tRNA 
synthetase. Piasmics can also be sTabiTized by inclusion of a bacteriophage repressor gene, the loss cf 
which leads to induction of hcst orophage and cell death. So. functionally any of those selection systems 
can be applied to transoosabie elements described above. In acdition, transposable elements can be 
modified, to contain selectable .markers which can be used m bacterial cell recipients which do not have to 

^5 be modified by mutation :o accept the marker For instance, genes for resistance to heavy metals (Silver. S. 
and fviisra. T.K.. Ann. Rev. Microoiof.. 1988, 42:717-743. Plasmid mediated heavy metal resistance) which 
are not used for human theracy can be introduced mto the transposable elements. These markers would 
include genes which enccce resistance to arsenite or arsenate, antimony, cadmium or organo-mercurial 
compounds, fn a particular embodiment, the arsA and arsB genes, which are solely involved with resistance 

jc to arsenite. can be easily adapted to the modified transposable elements. 

Also useful as selectable markers are genes encoding resistance to herbicides. A number of such 
genes have been described, each conferring resistance to a limitec range of herbicides, such as 
imidazolinones. sulfonylureas tVadav et ai., PNAS USA 83:4418-22. 1986) giyphcsate (Comai et al.. J. Biol. 
Chem. 260:4724-4723. 1985): and pnosphothnnicm and ^aiophos (Thompson et aL. EMBO J 6:2519-2523. 

35 1987: DasSarma et ai.. Science 232:1242-1244. 1986) 

For part(cuiar~~acpiica:icn to attenuated Salmonelia live vaccine applications, modified transposons can 
be marked with a gene whicn complements a secondary attenuating locus to insure vaccination of the host 
mammal with antigen-expressmg organisms. For example, the gene for adenyi succinate synthetase, 
encodeo by the purA gene, can be introduced into the modified transposons also containing an expressed 

40 antigen. Transposition events can be selected m Salmonella vaccine strains by selecting "for adenine 
independence m a purA genetic background. When a purA mutation is present in conjunction with other 
attenuating mutations, such as aroA. Salmonella cells are essentially hyper-attenuated and do not replicate 
in the mammalian host. Thus, vaccine strains which contain a purA-complementing transposon are fully 
immunogenic. * 

J5 One skilled m the art can synthesize a genetic construct as described herein using well known 

molecular donmg techniques. Furthermore, sources for each of the necessary starting components are 
generally available. For example, a gene encoding a selectable marker such as Kan^ can be excised from 
any of a number of common sources (e.g.. Tn5) by digestion with appropriate restriction enzymes. Sources 
for transposase recognition sequences and the corresponding transposon gene have been described above. 

50 Figure 3A represents a synthetic oligonucleotide specifying the e.xtreme 31 base pairs of the right end 

of Tnio: approximately 27 base pairs of Tn 10 is sufficient for recognition by the Tn 10 transposase (Way 
and" <leckner. Proc. Nati. Acad. Sci. USA 81:3452-3455 ii984ii Clomng sites for insertion of the ONA 
sequence (preferably a mult:ole cloning siTe contain..-g several unique restriction enzyme recognition 
sequences) are also widely available or can be synmes^jeo .:nemt':aiiy. Figure 38. for example, represents 

55 a synthetic cloning tinker which was inserted into pPXT569 :o generate pPX1572. as shown in Figure 2. The 
order and arrangement of the components is clearly Qto^^cea m Figures 1 and 2. One skilled in the art will 
recognize that the positions* of the transposase in the ONA construct is not critical provided that it is 
expressible, and outside of (i.e.. not flanked by) the transposase recognition sequences (generally inverted 
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repeats). Similarly, the crcJer of the seiectabie marker anc the inserted ONA sequence can be the reverse of 
that shown -n Figure i. provided that both are flanked by the transposase recognition sequences. In a 
preferred embodiment, each of the above-identified components are positioned m a replicon containing 
vector DNA molecule. Any cloning vector, modified as descnbed above, is appropnate. 

5 The construct described above can be propagated by transforming a prokaryotic cell in which the 

repiicon ts functional. The replicatea construct can then used m further steps of genetic manipulation. For 
example, using -^ei'. known techniques any sequence (e.g.. a gene of interest), can be inserted tnto the 
c>ontng sne of the iranspcsabie cassette and the new construct can be used to transfor.m prokaryotic cells 
in rre ;r3n3ic.'rr.ed ceil the iranspcsase gene will be transcribed, as it carries ai! of the necessary 

'0 reguiatory sequences (e g oromcter. nbosome binding site. etc.). The iranscosase protem recognizes the 
ends or the transposabie cassette thereby inducing its transposition into ine constituent DNA of the eel: 
Tne gene carnec ^.tthin th^ genetic cassette, which also has the recessary regulatory signals. /viH aisc te 
expressed. 

In preferred embodiments, the repiicon is conditional. A conditional repltcon ^-ephcates uncer permissive 
.'5 conditions, cut not under restrictive conditions. The use of conditional repiicons enables the stabilization of 
a particular clonec prokaryotic cell having a transposabie cassette contained. within its constituent DNA at a 
particular iccation This stabilization *s accomplishea by removing or effectively inactivating the transposase 
gene {by growing the cell unaer restrictive conditions), and ultimately, the transposase protein, from the 
cloned celi- 
ac For example, some plasmids carry a conditional defect, such as a temperature-sensitive repiicon 
Constructs of this invention which are derived from such plasmids have the ability to replicate at a 
permissive temperature, but cannot replicate at a restrictive temperature. Cells carrying the plasmid can. 
however, grow and divide at bcth tem.peratures. After a cell having a transposabie cassette contained withm 
tts constituent DNA at a particular location is identified, the incubation temperature is shifted to the 
25 restrictive temperature. The ceils continue to grow and divide but the construct does not replicate. The gene 
construct carrying the transposase gene, and consequently the transposase protein, is thereby diluted . to 
the extent that the integrated transposabie cassette is stabilized within the constituent DNA. An example of 
such a curable plasmid is the temperature sensitive E. coli F factor Any repticcn having such a conditional 
defect is useful in the practice of this invention. 
30 Limited host-range plasmids are conditional and can also be used to enable the stabilization of a 
desired integrate. Well known examples of this group of plasmids are derivatives of the E. coii colEi plasmid 
vector pBR322. These plasmids are small and easy to prepare m large Quantities for \n vitro cloning steps. 
They are limited in host-range to E. coli and closely related enterobacteria. and are replication incompetent 
in other species unless the E. coiroT^A polymerase I function is provided. This dependence is due to the 
J5 requirement of the cotEl orig7n "oT replication for the E. coti-like DNA polymerase I function. Hence, these 
plasmids can be used as suicide delivery vectors for otheTbactena. Suicide delivery, as used herein, refers 
to the introduction of a transpcson via a genetic construct which cannot replicate m the host. The plasmids 
direct the synthesis of the transposase protein upon transformation which results in the integration of the 
transposabie cassette into the constituent DNA. However, because the repiicon is replication incompetent m 
JO thie prokaryotic cell selected, the tranposase protein is quickly diluted to the point where transposition no 
longer takes place. 

Any plasmid vector which has limited host range can be a delivery vehicle for the modified transposons 
descnbed above. For instance, the origin of p8R327. used m construction of pPX1575 and its derivatives, 
freely replicates m E. coli and Salmonella, but fails to replicate m H. influenzae or B. pertussis . Thus. 

45 pPX1575 is a suicide piismid for delivery of modified transposons to those bacterial ceils. Conditional 
repiicons for delivery of modified transpcson to enteric bacterial hosts can be constructed as an alternative 
to delivery in bacteriophage such as lambda or temperature-sensitive F factors as described above. The 
origin of plasmid R6K requires a functional rr Drotem. which functions in trans for replication. Suicide vectors 
containing the R6K repiicon have been constructed (e.g.. Miller, V L. and Mekalanos. J.J. 1988. J. Bacterioi. 

50 170:2575-2583). Using E. colt hosts which contain the t protein in trans , suicide plasmids carrying the 
modified transposabie elem'ents can be isolated. These suicide plasmids would act to deliver transposabie 
elements, by transformation or by conjugation, to such bacteria as Salmonella . Shigella , and other cioseiy- 
related enteric bacteria. Further, repiicons derived from gram-positive organisms, such as pUBliO. original- 
ly isolated m S. aureus, fail to replicate in gram-negative bacteria such as £. coh or Salmonella , and thus 

55 can be used in"~construction of suicide plasmid vehicles for modified transposons. 

A third type of DNA construct for delivery of the transposabie cassette in a prokaryotic chromosome is 
a bacteriophage denvative'. tn a preferred embodiment, the bacteriophage is bactenophage x. As shown in 
Figures 5 and 6. a phage which is unable to replicate in the prokaryotic host cell (i.e.. a conditional repiicon) 
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:s used tc deliver tne transpcsable cassette. The system takes advantage of the property of resident 
rransposons to spontaneously exchange in vivo. Hence, if construction of a des.red specattzed transposon 
,s earned out on a piasmid carrying a firFt selectable marker .s introduced .nto an E. coli cell lysogemzed 
/vith a \ phage containing tne suitable iransposase recognition sequence flanking a second selectable 

5 .T.arker. the plasmid transposcn can exchange with the prophage transposon at a high frequency. Such 
exchanges can easiiy be detected and isolated by inducing the resident prophage and screening the lysate 
•or ohage capaDie of transducing the first marker. These lysogens can then be induced tc yteld a pure 
roouiation of transaucmg phage carrying the transposabie genetic cassette. Another method for stabih^ring a 
zamcuiar cr.romoso.^.a! ^nsert'c- involves the use of a regulatable promoter tc control e:<oress<on of the 

;o --ansposase protem Many regu:atable promoters are known to those skilled m ihe art including t_ac. lac. 
:ecA. P,_. ana T7. Such promoters are active uncer defined conditions, but inactive unoer other coroiticns. 
~" The preceding .-iscussion .-eiates pnmanly to ranacm insertion cf a DNA sequence However by using 
2 nost cell containing a resident transposon at a predetermined genetic locus, d is possible to direct ihe 
■'sertion cf a DNA sequence to that predetermined iocus. This is due to specific transposition or 

;^ nomologcus recomb-nation between transposase recognition seauences (generally inverted repeats). 

To determine the position of a resident transposon. or a DNA sequence introduced by the methods of 
this invention, is'a relatively sim.pte matter which can be accomplished by restriction enzyme digestion and 
get analysis. In complex situations. Southern hybridization nnay be necessary. When a resident transposon 
:s identified at a desired location, a genetic construct of this invention is introduced using any appropriate 

30 method. Homologous recombination will occur at some frequency and those ceils m which recombinatron 
has occurred can be detected, for example, by Southern hybndization. 
The invention is further illustrated by the following Examples. 



EXAMPLES 

25 

Methods 

(a) Bacterial strains and bactenophage 

00 The following abbreviations are used throughout this application when referring to drug resistance: 

kanamycin resistance Kan" 
kanamycm resistant Kan'^ 
kanamycin sensitive Kan^ 
ampiciflin resistance Amp" 
35 ampiciilin resistant Amp" 
ampiciilin sensitive Amp^ 
chloramphenicol .'esistance Cm" 
chloramphenicol resistant Cm" 
chloramphenicol sensitive Cm^ 
40 tetracycline resistance Tet" 
tetracycline resistant Tel** 
tetracycline sensitive Tet^ 
The following strains were deposited with the NRRL. Peona. Illinois, on July 12. 1990. under the terms 
of the Budapest Treaty: 

45 E. coli JM103 pPX1575 accession #NRRL B-18672 

E coli MC1061 pMC9. xPBlCO.. accession #NRRL 8-18673 
E. coli MC1061 pMC9. \PB 1 03.. accession a^NRRL B-18674 
E^ coil C600 F*,5lac::TnlO. ...accession #NRRL B-18675 

E coli JC1553 fTi2 was obtained from Dr. B- Bachmann (Coli Genetic Stock Center. Yale University) 
50 and"hasThe genotype: argG6. metBI. his-l. Ieu6. r_ecA7. mtl 2. xyl7. gai6. lacYl. rpsLl04. t_onA2. tsx. \". 
\-. supF44. Fn2 carriesTn intact x receptor (lamB) and genes for maltose utilization (Mai ). 

Other E. coli strains used in construction "oTplasmids and recombinant \ phage are as follows: Y1088 
UlacUl69"supE'supF hsdR hsdM* metB t_rpR tonA21 proC::Tn5 (pMCS) [ATCC 37195]) was used as host 
strain in recovering'rec'ombin'ant x l^geni" {Young and Davis. Science 222:778 (1983)): MC1061 [ATCC 
55 - 53338] (Aara-leu) 7697 A(lacPOZY) X74 hsdR hsdM* araDl39 galEiS galKi6 rpsL) was used also as a host 
for some oTthe'recombinlnt x phage and for titering x sjocks (Meissner et at.. Proc. Natl. Acad. Sci. USA 
844171 (1987)): JM103 (AtCC 39403] (F*t^D36 proAB*' laci^ AM 1 5- A (pro-lac) supE hsdR sbcBlS thi-I 
endAI X-) was used as a host strain for coTTstruction of piasmids containing tac or lac-promoter regulated 
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genes (Messing et at.. Nucl. Aaas Res. 9:309 (1981)): N99cr (F-gaiK2 rpsL V" ct') is a host strain 
containtng the wild type cl repressor gene" but heavily deleted for other \ functions (Gottesman et al.. J. 
MoT Biol. M0:57 (1980)): C600 (ATCC 47024] (fihi leuB6 lacYI thr-l hsdR supE44 tonA2l x") was "used al 
a host strain for the temperature sensitive F factor. F,jac TnlO:~and~KBT6oi (purE~!acY fysA ieuA. prcC 
5 rretE arqH rpsL x") was used as described in the Example's (Kadner and Liggins. "BacT tr5y514"^i 

(1973)), 

The bacterioDhage a cformg vehicle xgtH [ATCC 37194] {cI857 ninS iac5 Sam '00 Ashnd Hi \2-3 
5rl\3'' srl\4'' sftx5-f -was maintained in Y1089 (Young and Davis. Proc. Natl. Acad. Set USA 80:1 194 (1983:). 
The \ cfcning vericle \NM3io ( imm - cits .ninS iacS) was maintained as a ly soger, r \10'89 (Murray 
if^^ LAMBOA II (1933). Henorix et a; . eas.. CoiTSprlng Harbor Laboratory. NY. p. 395). 

Attenuated Saimonella vaccir-.e strains used were: Ty523 (arcA A407 hisG46). a ::erivative of S v,zni 
CDC lOaO [U.S. Patent No, 4.735.801]: SL3261 (aroA554.:Tniotr^ a sta'dTe non-re/e-ting aroA deleHn 
derived from S. :yphimunum. biotype Wray; and SIT438 (aTcC 39134] (htsG46 aroA 554 TnTO Tc^). an 
aroA celeticn mutant of S dubiin. 
•5 S. typhimurium LBSOtO iS a galE mutant derived from LB5000 (Builas & Ryu. J. Bacterioi. 156.4": 

(1983)). The iamB receptor of E. coli was introduced into LB5010 by mating with E. coli KL188 containing 
Fn2dTnlOfcm). selecting for Cm^ . The Cm^ Fn2 was obtained by transformin"g~Fl 12 JC1553 v,-:h 
plasmid PNK1210 (Way et at.. Gene 32:369-379 (1984)). and selecting Cm^ exconjugants of PRi3 (pnpi3. 
r_nai9. thri. leuB6. thii. "acYl. xyAJ, mM2. malA. rpsL, malBidescnbed by Hautaia et al.. (Proc. Natl. "Acad. 
20 Sci.. 76:5774-5778 (19791) which were senlitTve lo~\, fhe marked lamB* F prime facTcr was moved into a 
multiply auxotrophic E. coli strain (KL138 (thii. pyr034. his68. trp9"5~mtl2. xy17. maiAI. galK35. rpsLll3. 
x^. X"). obtained from 8. Bachmann. Coli Genetic Stock Center. ^le u7ii7erstlyrwhicFwas~cbunter selected 
in a subseauent mating with S. typhtmunum LB5010 by omission of histidine, uracil, ana thymine from me 
minimal media supporting growth of LB5010. The lamB*F prime factor was moved ^nto attenuated vaccine 
i?5 strains of Salmonella by mating with LB5010. counterselecting the donor strain in a defined mecia 
containing all amino acids with the exception of isoieucine. valine, methionine, and leucine. 

Haemophilus influenzae Rd strain HDG85 (Deich and Green. J. BactencI 170:489-498 (1988)) was used 
as described in the Examples below. 

Bordeteila pertussis , strain BP370. discussed below in Example 6. is an FHA" isolate of B. pertuss:s. 
30 Obtained from Dr. Stanley Falkow. Stanford University. Palo Alto. California, having wild type peTtussis toxin 
and hemolysin production. 

(b) fVledia for Growth of Bacteria 

35 E. coll. S. typhimurium . S. dubiin . and S^ typhi strains were cultured in L broth. Haemophilus influenzae 

cells were grown m Bram Heart Infusion^brcth containing 10 ag.ml hemin and 2 ag.ml NAD. When 
appropriate, ampictlfin was present at lOO micrograms per ml and kanamycin was present at 50 micrograr^s 
per ml. pertussis strain BP370 (FHA" TQX' ) was propagated from freezer stocks on semisolid Bordet- 
Gengou (3G) blood agar (Kimura. A. et al.. Infect. Imnnun, 53:7-16 (1990)). Bacterial mass from agar 

40 medium was inoculated into CL mediumTorHiquid cultivation. (Imaizumi et al.. Infect. Immun. 41:1138-1143 

(1983)). 

For inoculation of mice with live Salmonella typhimurium SL3261 derivatives, bacteria were grown ir a 
defined medium consisting of per iiter: 6 g Na2HP04. 3 g KH2PO4. 0.5 g NaCl. 1 g NHiCI. adjusted to pH 
7.0 and further containing 2 g D-Glucose. 0.2 g MgSO*. 1 mM sodium citrate, 5 g of vitamin-free casamirc 

-5 acids. 5 mg 20 nicotinic actd. 10 mg dihydroxybenzoic acid. 10 mg para-amtnofcenzcic acid, ana 35 m.g 
each phenylalanine, tryptophan, and tyrosine. 

Mice were orally inoculated with up to 10'- bacteria by direct intubation into the stomach with a blurt- 
ended needle. Bacteria grown as above were centrifuged. washed, and resuspended m 1.5% sodium 
bicarbonate. 

50 

(c) Genetic Methods 

Piasmids were transformed into E. coli strains or S. typhimurium LB5010 by the CaCi: method (Dagert 
and Ehrlich. Gene 6:23-28 (1979)). 

55 
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Bacteriophage P:: HT irt^os was used for generaiized transduction of genes from S. typhimuriunn 
LB5010. LB5010 was sensitized to phage P:: by induction of LPS synthesis by inclusion of D-galactose in 
the growth nnedia of a log phase cuiture for one hour prior to phage infection for production of phage 
iysates. P:: phage prepared on L85010 were mixed at a multiplicity of infection of l with SL3261. SL1438. 
or Ty523 and transcuctants we.-e selected on suitable medium 

id) Oiigorucieotide Synr^esis 



Oiigonijceotides were ^y^'-esjzec -zr an Applied SiosysEems (Fos-er City. CA) 380B ONA synthesizer 
using o-cyancethyi phospncramsCite cremstry. 

''e) Expression of Geres 



LT-B IS the non-rcxic suc-nn or enterctoxigentc £. coli labiie to<in (LT) and was expressed m E. coii 
JM103 in a pUC3 vector by c:cntng a 590 base pair EcoRnHindlM fragment into EcoRi-HmalM sites of pUCF 
The full length Plasmodium berghei CS protein was expressed in a Pi_ promoter expression vector and 
consisted of the entire coding sequence pius 8 ammo acids (Met-Giu-Aia-Leu-lle-Leu-Asp-Lys) at the ammo 
terminus (Fig. 6). The first seven ammo acids are derived from the expression vector and a linker and the 
lysine ts derived from the Oral site located one codon upstream from the CS protein coding region. 

(f) Electrotransfer Methods for Antigen Detection 



Heterologous recombinant protein synthesis was detected in E. coii or Salmonella cells by transclotting 
protein samples separated by pclyacryfamide gel electrophoresis onto nitrocellulose membranes, blocking 
with 0.5% Tween-20 m PBS. followed by antibody binding in 0.1 ''b Tween-20. Bound antibody was detected 
with horseradish peroxidase-abeied Protein A (Kirkegaard and Perry. Gaithersburg, MD). For detection of 
LT-B antigen, the primary antibody was goat q-LT-B polyclonal reagent partially purified by eluting bound 
material from a Sepharose 48 protein A affinity column. 

(g) Electrotransformation of Haemophilus Influenzae 

Haemophilus Influenzae ceils were grown in BHIxv medium to mid-leg phase {00600 = 0.3) at 37^C. 
Cells were pelleted, washed twice witn lO mM Hepes. pH7,0. 20% wv glycerol and resuspended in i 100 
volume lOmM HEPES pH7.0 20% (v v) glycerol, Plasmid fpPXl575) DNA was added to -lOug ml and cetls 
were electroporatea with a 3TX Transfector 100 electroporator. Cell suspension (-50 microliters) were 
Oiluted into l ml BHIxv m.edia ana grown for 2 hours at 37''C to allow expression of the transduced marker. 
Cultures were then serially diluted in BHI and plated on BHIxv-kanamycm (20 ag mi) selective agar and 
mcubated at 37°C. 

h) Electrotransformation of Bordetella pertussis. 

Starter cultures of BP370 in CL mecrium were incubated overnight at 35-37^C and then inoculated into 
1.3 liters of CL medium and incubated with shaking for 18-24 hours at 35°C. Cultures were harvested by 
centrifugation at 5000 < g for 30 mmutes in a Sorvall GS3 rotor. The cell pellet was resuspended in 200 mis 
of 0.001 M HEPES buffer. pH 7.2. anc suDjected to 2 more successive rounds of washing m 0.001 M 
HEPES buffer Finally, cells were resuspended m 20 mis 0.001 M HEPES buffer containing 12% glycerol. 
Ceils were frozen and retained at -70°C. During washing operations, cells were maintained at 0°C. For 
eiectroporation of DNA. an appropriate amount of DNA (up to 10 ag) was added to 450 llI of a thawed cell 
suspension and mixtures were subjected to an electrical pulse of 33.6 Kilovolts cm 380 microseconds in 
duration. Immediately after eiectroporation, cells were diluted in 1 ml of unsupplemented CL medium and 
incubated at 37°C for one hour before plating onto BG blood agar plates containing either 25 ug kanamycin 
per ml or 50 ag ampicillin per ml. 

\} Southern Blotting of Chromosomal DNA of S. Typhtmunum. 



A chromosomal DNA was prepared from 5 ml overnight cultures of candidate clones by lysing bacteria 
in 600 al of TE containing .5**o SDS and lOO ug protemase K per mi. Cell wall debris and polysaccharides 
were removed by addition of i% cetyitnmethyl ammonium bromide (CTAB) in 0.7 M NaCi at 65°C followed 
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by extraction w.th chloroform isoamyl alcohol. Chromosomal DNA was precipitated with .soproovl alronm 
pelleted, dried, and redissoived m IE. Chromosomal ONA was digested with appropriate restr'iciicn 
en.-ymes and the restricted ONA was sub,ected to electrophoresis on 0.6-, Agarose and transfer ,o nv on 

5 DNA probes were preoared from CsCi punfied plasmid preparations by labeling by .^andor^ cnn-ea 

.ncorocration of digcxigen.n-iabelied deoxyuridine-tr.ohosphate, Hybric.eation conotions were deveicced 
according to procedures descnbed .n Molecular Cloning (Mariatis. T at al . Ccid Spnng Harbcr i962) 
Detection of the digox.gen.n-^abeliec! nvbr-czed DNA was according to the-sy-opner fBcehnnger Mannhe.m,.' 

EXAMPLE I 

Construction of °iasmid Vectors Contairing Mocfied Transpcsuicn Functions 

As sncwn ,n Rgure 2. 0NKI210 was used as a parental piasmid vector ,r the creation of a -cp-ru- - 
' M^i'/.n • 2n expressible gene) stably into the chromosome of gram negative bacte-a' 

pNK 12 10 contains a tac promoter controlled transposase. the inverted repeats of TniO and a gene encod.'na 
MO«.rf PNK12I0 was derived from pNK86l (Way-it al.. Gene 32 369-^79 

.(1984)) by replacement of the Kan^ determinant with a 1375 bp fragment carrying the-Cm'^neTrcm Tn9 

r rl'L T"^*" '^"'"""^ '""^^'^^ °' ^"'O replacing them wit^Tan 

iTTrTnt '"^ compnsmg the terminal 3. base oairs of the ncrt- 

linker (F.g. 3B) was inserted to yield a plasmid with several cioning sites (pPXl572). which was further 
modified by inserting a Kan- determinant of Tn5 into the Xhol site of pPXl572. In this configuration genes 
inserted into cicmng sites flanked by the inverted rep-iits can transpose m the presence of acive 

A mating assay was performed to verify that the 31 5 base-pair synthetic oiigonuciectide-derivod 
inverted repeat sequence of pPXl575 acts as a substrate for transposase and yields transposition events 
n7J 7,' P"2C600 which was subsequently mated with E. coli KBTOOl foilow-ng 

induction of ransposase functions with IPTG. Selecting Mai* or Kan" exconjugants^f KBTOOl revealed ^hat 
approximately lO- Mai exconjugants were also Kan" and Amp^ and 100 100 Kan" exconjugants were 
Mal^ A similar experiment conducted w.th Fl 12 C600 transformed with a similar vector lacking the inverted 
repeat sequences yielded Mai but not Kan" exconjugants. These results indicate that the Kan" determinant 
lTn.T.l ^ ^""^ '"^ ^' ^^^^-P"" '""'^"^^ '^P^''- ^5 ^"Pec'ed. is a substrate for 

EXAMPLE 2 

Bactenophage x Suicide Vectors for Transposition in Salm onella 

r^nnnr'^^V^"'^'^ u^' "'^"^ "^'^"^ '^^^'^ '° ""^ introduction of a transposon va a DNA construct which 
cannot replicate ,n the recipient. ColEI-. pi 5a-. and pSCId-based plasmid vectors replicate freely .n S 
y^'oTr'T ' Salmonella species. As such, these vectors are not suitable for suic.de deliver"; 

SalmonPi?. 'T'P°^°"1 ^"'"^""^"^ ^'-^er hand, bacteriophage X wH, not undergo lytic growth in 

an,7Zn / ?i— . V"* ^ ^ '""•^^'"'^ "'^"^^ '^'^-"^^ ^ protein-dependent 

antitermination of lambda DNA transcription, and lamB. which is required for X phage attachment ar^ 

nln?^ H ! ""^^ lysogenize S. typh.murium because of a recuirement for the nusA 

gene product (Harkk,. Mol. Gen. Genet. 209:607-61 Ml 987),. Thus, x phage vehicles are not propagaiid-.n 
Sakjonewa and can be used as suicide delivery vehicles for transposon mutagenesis of this host if the lamB 
gene product (the outer membrane receptor for phage X) is provided. As shown below m Table I a seniTof 
bacteriophage x strains derived from either of the widely studied xgtll 15 strains or XNM816 was tested for 

?,"iHT'ln°"" ^ ""''^'^^ 'y'*^ °" Sa'"^0"ella strains which carried the 

Fl i2dTnlO(cm) con.ugative plasmid. Although capable of forming plaques on E. coli strain MC1061 none of 
the phage was capable of forming plaques on a variety of Salmonella strain s-lt";? not understood why the 
phages (all of which carry rhe ninS deletion, do not form plagues on lamB* Salmonella (Harkk, et al . Moi 
Gen_Genet. 209:607-611 (1987),. Modified versions of these bacterio^age carrying tra nsposas? rlco^ 
tion sequences and transposase functions can be used as suicide delivery systems. 
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TA3LE I 

Efficiency of Bacteriophage A Plaquing 



Agtll 
;NM816 
APBIOO' 
APB103' 
APB105 
APB107 



3,4 
1/2 



E. Ooli 
MC1061 



1 X 10 
1 X 10 
5 X 10' 



10 
10 



7 X 10 
3 X 109 

1 X 109 



tvphirnuriun 
F112an/ 
LB5010 

<20 

<20 

<20 

<20 

<20 

<20 



tr/phimurium 
F112an/ 
SL3261 

<20 

<20 

<20 

<20 

<20 

<20 



Si 
typhi 
Fli2c2n/ 
TV52 3 
<20 
<20 
<20 
<20 
<20 
<20 



Notes : 

^ Derivatives of ANM816 
2 

Specialize txans^wsing and transducirtg phage for P. berghei CS 
protein 

3 

Danvatives of Agtll 

4 

Specialized transducing phage for LT-B 

Both \ phages described m Figure 4 were modified to contain a transposase function and TniO inverted 
repeats flanking a seiectabie marker. \PBiOO was constructed by clonmg a 5.2 kb EccRI fragrnent of DNA 
from pNK12lO, containing a tac promoter controlled transposase gene, the inverted~7epeats of TniO and a 
chioramphenicoi acetyl transferase gene into the EcoRI site of \gtll. Cm" lysogens were selected'm E. coi» 
Y1088 in which the transposase <s repressible by the laci gene product contained on plasmid pMC9^ 
\PBiOO can accommodate the insertion of up to 2 kb of extraneous DNA. 

\PB103 was constructed in an analogous fashion by subcicning a 5.2 kb EcoRI fragment of pPX1575 
containing the tac promoter controlled transposase. a 31 base pair inverted~7epeat derived from TniO 
flanking a Kan" determinant from Tn5 ana a multiple cloning site, mto EcoRI sites of xNMSie. resulting" m 
replacement of the lac UV5 staffer fragment. Kan" lysogens of MC1061 7pMC9) were selected. XPB103 can 
accommodate up to 7 kb of e.xtraneous DNA. 

Such \ phage vectors, which contain the transposase gene outside the inverted repeats which are the 
substrate for site specific recombination and transposition, will act not only as temperate transducing phage 
particles in E. coli. but will catalyze transposition of any DNA (e.g.. an expressible gene) contained within 
the inverted repeats. Since the transposase gene is outside the inverted repeats, the insertion can be 
stabilized. Because such phage vectors cannot be propagated in Salmonella lamB* or other lamB' 
recipients, either lytically or as lysogens. the phage and consequently the transposasi~protein is diluted~out 
through the process of cell division. As the concentration of the transposase protem decreases, any 
transposon which has transposed from the phage to the bacteria! chromosome will be staoilized. 

A DNA sequence (e.g.. an expressible gene) can be introduced between the inverted repeats of 
bacteriophage vectors such as those shown in Figure 4. One way m which this can be accomplished is by 
ptasmid-phage transposon exchange as shown schematically m Figure 5. A DNA sequence (e.g.. an 
expressible gene) is cloned into a plasmtd vehicle (e.g.. pPXi575) such that the selectable marker and the 
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expressiole gene £re flanked Oy the inverted repeats. In a host cell, lysogemc fcr a phage of the type 
depicted m Figure 4. site specific recombination or transposition between the inverted repeats of the 
piasmid and the lysogemc phage will result ,n a proportion of the lysogens containing the expressible cene 
and the selectable marker from the piasmid. The small proportion of phage carrying the exchange evPnt 
can be selected ,n £_ con hosts by selecting for lysogens carrying the selectable marker orinmally 
associated w,th the piasmid. The cnseiected expressible gene .3 linked with th,s marker 

EXAMPLE 3 

Plasmid .^^hage E.<chanq e or a.-. Expressible £. Coli Gene Flanked by Transposase Recogn.tion Sequences 

LT-B can be expressed m Sa.'monelia species and has oroven to oe immonngemr ,p 

«nr^^o/.7L?r""''^'^'^ ■'■'■^ --^'^'-^-ed vaccine strains of Saln^or^ella (Clements et ai.. infect, immu'n 
DJ 000-0^2 il9oo>) _ 

Figure 7 illustrates the construction of a transposable genetic cassette carrying a DNA ^eoueora 
encoding the M 000 dalton B subunt of enterotoxigenic E. coli heat-!abile toxin (LT-B,. The gene soec.fy-nq 
the non-toxic subunit was localized on a 500 base pair EZ^RI Hindlll fragment in pPXiOO m which LT-B 
expression was ccrtroiled by the ^ promcter. the sequ-iJTce ^TThe gene corresponding to the oata of 
Leong et- al. (Infect. Immurr 48.73-77 (1985)). An 800 base pa-r Haell fragment containing the LT-B coC:nq 
sequence and the lac promoter was subcloned into the BamHI-i^te of pPXi575. which had been blunt 
ended by the action of the Kienow fragment of DNA poI^^^Terase I. .\PBi03 was integrated into JIV1I03 
containing the LT-B transposition plasmid pPX .579. The resulting lysogen was induced to transpose by rhe 
acc.Non of IPTG and phage particle production induced by temperature-shock. Kan^ Cm^ :ysoqens cf 
JMI03 were selected • r a ^ 

Approximately 25% of Kan" transductant clones were also Cm^ suggesting that they were either 
double lysogens or contained single lysogens harbonng both. Kan". Cm^ clones were considered to have 
arisen by exchange of genes flanked by the inverted repeats with inverted repeats of the XPBlOO lysogen 
Although the Kan determinant was used to select for putative exchange, all of tne Kan" ciones liso 
expressed LT-B by colony blot analysis following IPTG and temperature induction. This result suggests that 
the unseiected gene expression cassette (LT-B) co-transposed as predicted with the drug-resistance 
marker. One cf the resulting Kan« lysogens was chosen and phage obtained by induction at 42°C The 
resultant phage stock (XPBIOS) was used to mfect S. typhimunum and S typhi. As discussed previously 
such a construct serves as a suic.de delivery systeT^T^Thi-xPSiOS Tor^ct cannot be prcoagateo 
■yticaliy. or as a lysogen. m Salmonella . However, the transposase gene will be expressiole and as 
cescnbed in E.xample 4. the LT-B gene can transpose w.th the genetic cassette, to the Salmonella 
chromosome 

EXAfulPLE 4 

■'0 Transposition in S almonella 

^> Selecting Transposition Events m S. typhlmurium and S. typhi 

According to the general scheme shown in Fig 8. several specialized transducing phages were used 'c 
^s transduce | typhimurium Fn 2dTnlO(cm LB5010 (lamB > , or S. typhi Fl l2dTnlO(cm..Ty523 to drug- 
resistance. Table II shows the results obtained using xPBl05. Fricui^^/ of trani^osition was determined 
LTTnT^""^ (ollowmg infection with transducing ,v phage. XPB105 was mixed 

wuh 2x10 recipient Salmonella cells at the indicated m.o.i.. which had been grown to midlog phase m the 
presence of 0.5% maltose to induce the bacteriophage x receptor. Infected cells were incubated for 1.5 
so hours at 37°C to allow expression of Kan" before plating. 

As shown in Table II. drug-resistant S. typhimunum were obtained only in the lamB* but not lamB" S 
typhimunum. For each of the X phages, drug-resistant clones arose at frequencies oTUp to 10- at-i^^ m.o" 
of 0.2 active phage particles m S. typhimunum Fn2dTnlO(cm) L35010 and with a lower frequency m S. 
typhi Fl l2dTn(cm) Ty523. — ^ ' _ 
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TABLE II 

Transposition in Salmone 11a Osing Specialized 
Osing Specialized Transposing Plvag s 
CarTrying Uecerologous Gene Expression Cassettes 

Donor Bacteriophage Ractpler.c SalT.onelLa Strain-*- 

Fll2cV FMLL2CT./ 

P 3 1 0 5 LB 50 10 "- 5 5 0 1 0 - 523 t ■.- 5 2 3 

m.o.i. = 2 ^.OxlO'^ <LxlO'^ 5.2xlO"^ <IxlO'^ 

3-0.1, = 2 l.OxLO"* <IxlO'^ ^.OxLO"^ <lxlO'® 

m.o.i. = 2 1.2x10'^ <lxlO"® l.OxlO'® <lxlO"^ 

no phage L.OxlO'"* <LxlO'^ L.OxlO'^ <lxlO"^ 



JO 



25 



JO 



b) Characterization of Ch romosomal Inserts 

Kan" Clones of S. typh.mur.um L85010 (lamB*) arising follow.ng infection w,th xPBlOS were character- 
ized for expression of the unselected marker and for chromosomal location by Southern blot analysis 
Soutnern blot 0^ Kpnl digested chromosomal DNA probed with biotinylated pPXt579 DNA revealed that 
each of the Kan clones had ansen from separate transposition events, since each clone had a single copy 
of the transposon at random ioci in the S. typhimunum chromosome. Further, each of the Kan'' clones 
expressed the LT-B antigen as determined by Western blot analysis. Expression of the LT-B antigen .s 
controlled by the lac UV5 promoter which is uncontrolled when introduced into Salmonella which are 
deficient m lactose metabolizing genes. One clone m particular expressed more antig en than the remaining 
9 analyzed clones, suggesting that there may be positional effects on the expression of foreign genes 
integrated at random in the Salmonella chromosome. 

J5 c) Vaccine Strains of Attenuatea Salmonella Expressing Integrated Genes 

S. typhimunum LT2 derivative LB50I0 is a laboratory strain of Salmo nella which has some convenient 
features for manipulation of genes m Salmonella . LBSOiO -s transformable at high frequency w.th mg^m.^ 
DNA and. because of its restriction deficiency, can accept DNA propagated in Eschench.a coli. However it 
ooo°'Jx ^" ^ candidate strain. To create vaccine candidates of live attenuated SaiT^^^nella. phage 
P22 HT mtl05 was propagated on Fn2dTnlO(cm) LBSOlO derivatives containing m odified tran sposon 
e.xpressing LT-B and used to transduce several spec.es of aroA deficient Salmonella to Kan" Transductants 
of S. typhi Ty523. S. dublin SLi43a. ana S. typhimunum SL3261 were obtained. Each of the transductants 
of the different spec.es were demonstrated to express LT-B and further, if the locus at which LT-B wa« 
45 integrated in LBSOlO yielded enhanced expression of the antigen, enhanced antigen expression was also 
observed in the transcuctants. This indicates the likelihood of transduction of the inserted LT-B expression 
cassettes, which depends upon homologous recombination, into identical loci :n other species of Salmo- 
nella. 

As an alternative delivery system, the LT-B transposon was integrated into several Salmonella species 
50 using temperature-sensitive F' factors. Temperaturesensitive P factors replicate m a limited nu mber of 
gram-negative bacterial species, including Salmonella , at low temperatures but fail to replicate at h.gh 
temperatures. Temperature-sensitive P factor containing an intact TniO to supply the transposase function 
the lactose cperon. and the Kan' LT-B transposon was isolated in"E. coli and then was introduced into S 
typhimunum LBSOlO by mating from E. coli and selection for Tet" an-d liEtose utilization at low temperaturi" 
55 The Kan LT-B transposon was constructed first in E. coli by transforming an F'„lacTniO strain with 
plasmid PPX1579. Transposition of LT-B to the F' factor was induced with IPTG and^n" Tet" Lac* 
exconjugants were selected m a mating with E. coli KBTOOI. The F'^lacTnlO carrying the defective LT-B 
Kan transposon was subsequently introduced into S. typhimurium LBSOTo by mating. The F' factor in S 
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typrnmur.um L65010 was men mtroduced mto S. typhi Ty523 iS. cublm SLi438). and S. typh.mur.um 
SL3261. by mating selecting for Kan*^ Tet^ Lac exconjugants and counterselecting against the LBSOTo 
donor strain LT-B transposition events were selected m each of tnese strains by selecting Lac". Kan**. Tet^ 
colonies^ following 40 generations of growth m broth lacking drug selection at high temperature (42*^0. All of 
the Kan" Tet^. Lac" colonies, which were presumed to have lost the F' factor by segregation, expressed 
LT-S as determined by coiony bict for LT-B antigen. Transposition of the rrocified transposcns from the 
temperature-sersiiive f factcr ,s dependent upon the transposase suooiied by rhe TnIO also tccated on the 
F factor. — 

0) Siabtiitv of Transposition 

The modified rrarsposcrs do not ^etransoose other loci because :he transposase function which s 
normally encoded wuhm the -ight .nver^ec repeat of TnlO. are absent. Further, transoos-tion m Salmonella -s 
stable since no ISIO 8:emerts (. e . no constituent transposase genes). A-n.cn have been cetecrec .r 
numerous E. coii strains, have ever been detectec m Salmonella typh.murium (Kleckner et al.. Mobile DNA 
ASM Publ.cations. Washington. D.C (1989)). In addition, stable transposition events wifFre suit .n gene 
expression which should be inherently stable when comcared to piasmid bcm cop.es of the same gene, 
which may' be lost m absence of positive selection due to natural segregation of rhe piasmid or due to 
selection for loss of the piasmid because of deietenous effects of gene expression. 

To test stability of LT-B expressing transposons. one SL3261 isolate. \3 .solated by P22 transduction of 
Kan segregants from Fn 2dTnlOfcm) LB50 10 (\3) was grown ,n L broth lacking kanamycn for 40 
generations as shown .n Tab;e III. To compare. pPXiOO SL3261 (a pUC8 piasm.d derivative expressing LT- 
B) and pUC8SL326l were also grown without ampioilm selection for 40 generations in LB In the first 
example, from cultures of SL3261 fx3). 100% of the coion.es ansmg on LB agar medium were Kan« and 
expressed LT-B antigen; hkew.se. there was no difference in the number of colon.es recoverable by plating 
directly on LB containing kanamycm or lacking it. On the other hand, only 3"='o of the colonies from the 
pPXIOOSL326l culture arising on LB medium fcflcwmg 40 generations of growth without crug selection 
were and by direct plating only 3% of the colonies able to grow on LB agar were recoverable cn LB agar 
containing ampicillin. Further, there was no apparent decrease in gene expression of LT-B in cultures of X3 
relative to pPXiOO SL3261. Thfs maicates that the transposition event yielded stable expression without 
selection under culture conditions in an attenuated vaccme strain of Salmonella. 

TXBLB III 

Stability of LT-B Expression Piasmid 
versus Chronosomal ly Integrated LT-B 



Bacterial Strain 



PUC8/6L3261 

PPX100/SL3261 

SL3261A3 



% Retention under Culture 
Conditions after 40 Generations 
of Passage (% Expressing LT*B) 



Defined 
Medium 

95% (N/A) 
3% (3%) 
100% (100%) 



Defined Medium 
Drug 

100% 

100% 

100% 



e) Stability of Gene Expression of Vaccine Stram or fa-^i-^e-ia Containing LT-B Iran 



An isolated transductant of SL3261. an aroA .accne stram of S. typhimunum . was examined for 
retention of LT-B expression after immuniz.-ng Baib c m.ce with a single dose of IQ^ bacteria per os (orally). 
As controls, separate groups of mice were ora.iy mmumzed with either lO^ pUC8-SL326l or lO- 
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pPXiOO SL326t. Salmonella were cultured from isolated liver, spleen, or lymph node homogenates 
obtained from immuntzed mice and the prcportjon of ptasmid-containing organisms or stable Iranspcson- 
containing organism was determined. 

As shown tn Table IV. very few Salmonella were obtained from tissue homogenates of mice immunized 

5 with either pUC8.SL326i or pPXiOOSL326l and of those only a small percentage were demonstrated to 
contain plasmid of the orfgmai vaccinating dose. Several lymph nodes surrounding the intestine were 
dissected from each of the vaccinated animals on aay lO or cay 15 following oral' vaccination of Baic c 
m.ce with 10- bacter a. Lymon node sampies were homcgemzea and duplicate samples plated on LB or 
L3- selective drug meaium in a^c^.v.cn. the proportion of drug-resistant colonies was determined cy 

•c recuca ptatmg coionies arising on non-setective medium. On the other hand, mice immunized orally w.tn 
1G9 SL326lf\3) contained Kan^ crgamsrr.s on days 3. 10. and 15 fdlowmg vaccination. Further. lOO^o cf 
Che bactena^ colonies obtained by oiatin-- organ samples on nonselective medium were Kan=' and random 
te5ttng of 20 Kan" :so;ates snowed- expression of the LT-B antigen. These results demonstrate tnar 
integration of a single copy of an expression cassette encoding an antigen can slabili:re expression relative 

fs to D'asmid-borne copies of the same expression cassette in the context of a live vaccine strain of 
Salmonella. 



TABLE III 

20 

Stability of Integrated Forms of LT-B 
Foiloving Oral Vaccination of Mice 



25 



30 



Vacc ine 






Day 10 






Dav 15 




Stra in 


A.r.lr.ai « 


Tota L 




% 


Toe a 1 


R 


% 


pCU8/SL3261 


1 


2 


2 


100 


1 


1 


100 




'2 


0 


0 




0 


0 






3 


1 


L 


LOO 


158 


3 


2 


pPX100/SL326i 


i 


3 


3 


LOG 


59 


0 


0 






36 


0 


0 


44 


0 


0 




3 


360 


0 


0 


0 


0 




SL326IA3 




612 


612 


100 


0 








2 


360 


360 


LOG 


103 


103 


100 




3 


456 


456 


100 


102 


102 


100 



• ''"^ansposition of Expression Cassettes Containing Alternate Prom.pters and Gene Regulatory Signals 



The method used in the e:<ampie presented above for stable integration of an LT-B antigen can be 
generally applied to other proteins whose expression is controllable by various gene regulatory signals 
which can enhance levels of gene expression. To provide several examples of the utility of this method for 
creating gene insertions for either protein expression or use in a live vaccine strain of Salmonella, gene 
expression cassettes containing the strong leftward promoter of bacteriophage \ (Pj were incorporated into 
pPXi575 and Kan'^ derivatives of XPB1G4 were obtamea by piasmid-phage Tn exchange. 

Likewise, as shown in Figure 6. the protective ^u^face antigen (CS p7otein) from a murine malaria 
parasite. Plasmodium berghei, was expressed in a P, -..cression vector. A senes of plasmid constructs was 
performed in which the entire coding sequence of the P ::e rghei CS gene was inserted into the P, promoter 
expression vector pPXlSOO. The gene sequence for tne P" cergne. CS protein is according to Eichinger et 
al. {MoT Cell. Biochem. 6:3965-3972 (1986)). The cassette for Vhe expression of the CS gene was contained 
on a 2.3 kb BamHI restriction fragment which was subcioned mto BamHI site of the transposition vector 
pPXl575. The resulting piasmid was transformed mto a '^ost strain lysogenic for XPB104. \PB104 was 
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jer.ved from .vP8i03 by exchange with CmR of PNKi2iO. Phage oartices wh.ch hac exchanqed rh^ 
plasmid located Kan" determinant wprp selected a<i Kan" r^s , l, . "^"-'"^"S^o the 

"^^^ seiectea as Kan . Cnri^" lysogens wmch earned the exoressec r<! 
gene The CS protem incorporated mto pPXl575 yielded XP8107. P^essec CS 

To ot^'ai" /^ost I coli strains ,n wh.ch both the PL promoter and the lac UV5 promoter are repressed 

fT?S L -hP ,1^ recovered ,n E. col- JM,03 (xgtil) to ccntrci soth expression of transpcs^.o-^^ 

pro;;; E cu -^^^-^'^'^ ^^'^'^^'^-^^ ^"-'^ ^' "'-P'o-oted expression or' the CS 

' .v ;p3.o^ i^^l;' . '-^^'-'^''"'^^ '^^^^^^-^ expression cassettes ^re CS protem ..ere !yscger.,.ed 
I , t -^^''"y 'V^'^Q^"'--- ''^r xgtil and XPBI03 fcr :hs exchange rea.-Jn xPPiOT 

^-sogens cf JM,03 wou.d not be suitable hosts :c repress the expression of genes contr^^^'erby the PL 
promoter beca.se xPB,03 contains the phage 2i im^.mty .eg.on T.e .o.ble ivsogans ,ve.; moucec "r 
^n^^X- '^^P^^^'^^^ ^"'i^s Of candidate cultures and Kan-^ lysogens were selected :n N99c|- - 

PMC9, Lysogens which ware Kan" and CmS .ere retained as cancda.es and were presumed to 'Le 
arisen by exchange of piasm.d-born P, expression cassettes and se.ectaole markers flanked by syntret c 
inverted repeats with the .nverted repeat region of ).PBi03 ■ s/ntre.c 

g) Bacteriophage x Cloning Ve hicles for Directly Generating Specialised Transposing Phage Lines 

Derivatives of Xgtil and XNM8,6 are created which are suitable clonmg vectors for the generation -f v 

usrsrandara'rn, ^ ^'^'^""^^ ^^^^ ^'romosomes of c her organism 

using standara spl.c.ng techniques rather than lysogenplasmid transpcson exchange. This is accompliched 

thP Xh. T'^T'' P^""^ '^^ °' PP^^575. followed by clomng a °nke "into 

the Xba, .ite of the PUCiS polyhnker region. Such-^ers may encode the m-frame readthrou^h of the lal 
peptide and. for example, any or all of the Not.. SfU. and Spel restriction enzyme recogr^tS. seque ces 
which are not otherwise present m bacten^hagT X. The" odified pUC 18 poly linker region may % 
suoclor^ed as a 400 bp Hael. fragment mto the filled out BamHI site of pPX1575 By excnange of th-s 

ar generated su^h'rt*"'?'^'^^ °' denvative' .X cloning veh ct 

are generated such that antigens or proteins can be cioned into any of the three unique cloning s^tes usmo 
suitable adaptors or linkers by screening either for expression of the protein or for insertion of cloned ONA 

allolrfor h7h . 'T'"" " ' " "^""^^ background, provided that the hf° mutation 

ano^ ng for high frequency lysogenization is also present. The resultant phages can be usee Erectly for 
constructing unique live vaccme strains without the necessity of separate expression steps 

teriophaarxPmnir,^?iT'''' '° '''' characterized. Bac- 

teriophage XPBi 1 3 was isolated by p-asmid-iysogen exchange as descnbed above using pPXi59l as the 
.0 asmid vsnic-e ana XPB.04 as the lysogen. Bacteriophage xPBi04 was denved from XPI1S3 by exchanU 
inq^hTTNlo""''"' chicramohenicoi-resisiance. Thus. XPB104 is a oenvat.ve of XNM8 6 00'".;- 
Zh fia^? n "'°"!f ''^ tac. promoter located outside the inverted reoeats of TN,0 

ba e oat Hr^, f ^^^^^^ transferase gene. Plasmid pPX159, was isolated as follows. aIoo 
the klenow^ 'ragrT,ent isolated from plasmid pUCi8. blunt-ended with T4 polymerase, was cloned into 
the lac ninr H Vr^^ ''^ °' ""''^ -ntermediate vector, termed pPXi577. contained 

yntheuc arrasr'''" °' ^^^'^^ ' Xar^amycin-resistance determinant, flanked by the 

stranded o^oon ?"'rH ?! -'° ^''^ ^'"^"^'^ *9ested with Xbal and the double 

stranoed oligonucleotide linker, shown in Figure 9, was inserted 

This Oligonucleotide, when inserted in the orientation shown in Figure 9 in the Xbal site of pPxt57^ 
d';e,ron:ftTo;?;M;03T;""'' a 'unct-onally active lac. peptide Lch complemented the la'cZ,M,5) 
no uncll, -S oLnt i th"' "\ ^''^-^^'eCde linker m the opposite onen.ation yielded a 

ZulcZTetl: .^'^^^^^'""9 P'^s-'^' 'S-ed PPX1591. contained unique NotI and SfH 

restriction enzyme sites and m addition regenerated a unique Xbal site at the 3' end of the linker DNA 

To l"oS;'xPBn3' eT? ^^-^ '^^ -erted Oligonucleotide was present as ind.cald. 

a. 30°C n 00 oi^.pV-t , "'""^^^^ choramphenicol-resistant xPBl04 

'1 ores ad LchPd ' '1"^' °' "maltose. When 

:ZnT, .1 T ^ ''^^ "^""^ '° 'y^^ temperature-Shock at 42°C. The resulting 

rtSnnvToopn' "'h h"^ " ! ''''' '""'^^ "^^'^^ Subsequently selected for kanamycm- 

A vsooLl h^r ^ ' °" ""'^'"'"9 200 micrograms X-gal per m,. 

^om hr.; •^^"^^^•^^^ Xanamycn-resistance at high frequency was termed XPBn3. DNA isolated 

PB, Tf^.Tn TT^^ r.'T '""^ """^'^^ bacteriophage lambda. Thus. 

XPBI 13 has properties which allow cloning of DNA fragments as large as 7 kUobases into the unique NotI 
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ana Sfii sues. wh:ch can be screened m kanamycin-resistant lyscgens as white colonies on 
con,a.n,ng X-ga, us.ng an E. co„ hos, carrying a laca deletion pjher. the lac promo^ can cZZ 
expression 01 the Coned iniirtid ONA ,f the inserted ONA is ,n the correct reading frar^Tlit 'esceTt to 
the 'aca peptide anc has the appropriate initiation signals The phage have the additional property ha^the 
. Cloned DNA inserts are essentially transpcsab.e elements sucn that expressed ONA inser / - an be 
examined by stable integration mtc a bacterial host chromosome. 

An £_ coii JM103 lysogen carrying bacteriophage .VPB113 in .has been deposited with the Nat.orai 
Regional Research Laboratory .nprl. c.iture collection and has been g,ven the Accession No. e-'aaz, 

•J EXAMPLE 5 

Transposit.on m Haemoph ilus irflLenjae 

. =u as a suicide delivery system m H influenzae, as-cclHiin^ed plasmics have been shown n'° ' 
repncate in H. influenzae ceils ,Danner-an:™ir-Gene .8 :,0,-,05 .,982,,. Plasm.d DNA wa .nTroduced 
0 p-pxW?^,o"!: " Kan-7i-comb.nants were scored. As summarized ,n Fgure 

.0. pPX,5,5 (-10 micrograms) was added to H. influenzae HGD85 cells, which were sub.ected to 
e-ectroporation of the voltages ind-cared The total TTum-birTOn" microco.omes per ml of e.ect4oorat-on 
ZTaVlnTT'""" eiectroporation voltage Under the conditions used. Kan" derivative o'hdGss 
•vers Obtained with optimal transduction lo Kan' at -30 kilovolts cm 

When eiectroporation mixtures of H_ influenzae and pPXt575 were plated on selective media a larce 
"d di:.°lnT'"" ° " after-24l^s. However. n.ost of these colonies failed to g^'w furfhi 

; rn.n, 'T^ ^"^cultured on kanamycin plates. However, after 72 hours. ,-2% of these 

"orew n^'w '"'^ '""'""'^ ^ '"""^"^^^ ^e.ls taken from these colon"! 

Sr^r H r'"" ''^ -crocolomii .^;i?FHbiirved and no stable Kan' recombmantc w"?! 

liectroto;:^^ ' ^'^^'^^"^^^'^'^ -'^-^ - «^en cells and pPX,575 were mixed 'ot 

EXAMPLE 6 

uansposition in Bordetella Pe rtussis 

^Pxl^Ts' was^'dem^nr!',' r '."^ "r^^'"^"' 3, base pair invertec repeat secuence of 

^ ec rooLTnn ? V - ^^^''^^'^ ^""^^O ^'^^'^'^ D^^^ was introduced into BP370 bv 

-itZ? anam " ^'^""^ eiecrropora.ed cells on selective medium 

..nta.ning kanamycin. Kan microcolomes arose with a frequency of greater than i per ,0^ viable cells and 

irdlvidrarte^sVd fo"'""" ^^^^^ ^-^"-^ grown^ h . and 

individually tested for .^egrowth on <3.namycin plates and plates containing ampiciiiin to check for the 
.nnentance of the plasmid vehicle. Of 75 Kan^- hemolyticcolonies tested, none was also Amp« By the ame 
of the o asm^'°T, "T. °" ""/'""^ '"'"''""''^ '"^''^'"'^ '° transienUnhentan^e 

than ,h? number °' ^^'^'"^ °" ^'^'^^ ^ '000 "-es greater 

than the number of colon.es ansmg on ampicillin-containing medium. The low frequency of Amo' 

~'=';: rT5"^M;rV"": '^^ ^-^^^'^ °' ^--^ -^--^ - redp^'nt cSs. Iporc,'- 

=^ pien cells a a TL^""" ''T ^""""^"^^^^^'y ^^^"^ ^"^gesting piasmid rearrangements m the 
...pient cells as a .cnsequence of expression of the TnIO transposase. These data indicate 'hat h.oh 

Snr?e.ecL;trenrc °' T ^ ^'^^ ^^^"^^'^ ^'^'^'^ -1 ' 

sp:;ic t^LnsposZn ^' ''^^ '^''^ °' °NA results from 

addilLn.i''n'f " ^^^-atives of it suitably modified to contain 

addit onal unique restr.ct-on enzyme sites and other selectable markers described above, to randomly insert 
: .0. .he chromosome of S_ ,n an ideal applicln^ol Zl 



'^^Iron'^H " V"^'"""'"'' --tatio-^s^Hlh?^, subunit Of the pertussis toxm 

...-ron. designed to genetically reduce to absolute minimum the toxic activity of pertussis toxin yet 

rn?.it'''.r. 'r"L?Jl;i":° ^.1°'---- - -tive p^om^r int^Vpropna^: 



^ . , -.w.^ .-wuvc: ijiuiiiuitfr into dDDrocriaie 

deleted of a!. hL?? '^"''^ electroporating such ONA into host 8. pertussis essentially 

mserlns ofth. Iht" sequences and selecting for the co-inhented markeT. Q-^i^ore random 

insertions of the modifted operon can be obtained. 
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Ecuivalents 



Those skilled m the art will recoamze or be able rn . - 
t.on. many equivalents to the speafi e4oc.ments o/^ ''"^ "° " '"'''^^ experimenta- 

.ntended to be encompassed by^he ^nc^'ng aarm^^ ' " '^^"'^^^ ^^^^ 



ivalents are 



Sequence ID No. : i 

Secfuence Type: DNA 

Sequence Length: 72 Base Pairs 

Strandedness : Double 

Topology: Linear 

Properties: Hindlii, Xhol Restriction sites 

AGCTCTGATG AATCCCCTAA TGATTTGGGT AAAAACTCGA GTTTTTACCA SO 
AAATCATTAG GGGATTCATC AG 

72 

(Figure 3A) 



Sequence ID No. : 2 

Sequence Type: dna 

sequence Length: 47 Base Pairs 

Strandedness : Double 

Topology: Linear 

Properties: Xhol, BamHI, EcoRV Restriction sit 



es 



ATTTTGGTAA AACTCGAGGA TCCGATATCG TCGAGTTTTA 



(Figure 3B) 



CCAAAAT 4 7 
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Sequence ID No. : 3 

Sequence Typo: dna 

Sequ nee L ngth: 33 Bas Pairs 

StrancS dness: Double 

Topology: Linear 

Properties: Noti, sfii Restriction Sit 
CTAGGCGGCC GCGGCCAAAA AGGCCAACTT AGT 

(Figure 9) 

Claims 

1- A ONA construct 



es 



3. 



5. 



bcvis. Salmonella lyoh, Salmon.;. d^^„ Cataelie-Guenn. a,.,uleoi muianis pi Mycobacierum 

paralypn, a„p S>,Zm!ToZT^, ' ' 'vP-'i— ■ Salmonella gall,na„„m. Salmonella 

An episome lor introOucing DNA ,n.o llie constiluenl DNA ol a prokaryoiip cell rna .ni.nm, , 

a) a gene encoding a transposase protein- o«aryolic cell, ma epispme compnsing,' 

■rUprorc«t,,r:rmpr,s';:n '° '-^ « 
:;:.:re7rar2y«:;?;;:; /Sat: '----"v 
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^' bactenothTn^T ^T""''^ -.rcaucrg DNA ,n,o the constituent DNA of a proka.yot,c cel. 

□aciertopnage aerfvative comprising: ^ ^'^^ 

a) a gene encoding a transposase protein- 

tL%osati°^^^^^^^^^ '° 9ene encod.ng the transposase prote.n c^e 

s.ef ^^^^^^^^ — -r. rt~ ; ^ 

' -^-r^ssr--.- — ^'^ '.^ co.t..ent 0.. . 

ter.um bcv,s, Salmonella tvoh, ^^^Zl^TTl ^^'^"''^•^^^'•^ av,rulert nnutants of Mycobac- 
Sal.,oneilapa.atyp:an. SaCnet"^o:;ae s^^^^ ^^'^^^"^ 

t1. A .ethod for ,ntrod.c.ng a ONA sequence ,nto the constituent ONA of a pro.aryc.lc cell co.p.s.ng 

t!;n'."tre"DNr.oT^rr:::;" 'r:;'^ '^"^^^•^"■^ ^-^^^ ^PP-P-- 'or ..nsoos. 

■ transposab-e caste, f he ca'se. r./ '"'f ' transposase prote.n „nKec ,n as to a 

sequence: and '""^ ' ''"'^ °' transposase recogn.tion sUes flanking the ONA 

b, ,den„fy,ng recp.ent cells hav,ng ,he DNA sequence ,nserted into the constituent DNA. 

' P^-tr,n:d^retrc!s^hr^^^^^^^^^^ - ^ P— - cel. at a 

genetic locus, the method compnsmg ^°"'a'-'"5 a resident transposon a, the predeterm,nec 

se.:ctrbrr::r a^ttDNATiqienr^ ' °' "--^ ^ 

:o;~n°ii ;r:^e":::toTrn"rs;os^'^ " - — ^ 

recogn.t,on sues oHhe res.dent tra'nsposon In" ' ""'"""^ ^"^^^ '''' '^^"^^^^^^^ 

b) fdenttfytng prokaryotic cells having the DNA seouenrp m<:^rtc.H 

prokaryot,c cell at the predeterm.nea genet.c locus ' ' consftuent DNA of the 
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